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FOREWORD 

Transportation directly consumes one quarter of the energy used in 
this country, with auto passenger travel accounting for half of the transport 
sector's energy use. Due to rising fuel prices and intermittent shortages, 
agencies of federal, state, and local governments have begun to introduce 
various strategies (combinations of policies and technologies) designed to 
conserve urban-transporation energy while maintaining a productive economy. 
The environmental consequences of many of these conservation strategies have 
not been adequately assessed. As a result, a technology assessment project 
sponsored by the U.S. Department of Energy, under the direction of David 0. 
Moses, was initiated at Argonne National Laboratory in late 1979, with 
assistance from Brookhaven and Oak Ridge National Laboratories. 

This project, Technology Assessment of Productive Conservation in 
Urban Transportation (TAPCUT), had the stated goals of providing (1) a de
scription of several alternative strategies promoting energy conservation in 
urban passenger transportation, (2) a better understanding of the environ
mental impacts of such strategies, and (3) identification of the constraints 
on the implementation of such strategies. 

Two productive conservation strategies were designed to save energy in 
urban passenger transportation when substituted for policies now in place. A 
reference set of impact forecasts was then prepared for these two strategies. 
One conservation strategy stressed group travel, e.g., mass transit and 
carpooling, while the other promoted individual travel in private automobiles. 
The strategies were designed to cause minimal disruption of lifestyles and the 
economy while achieving reductions in the consumption of aggregate energy, 
especially that derived from petroleum. 

Travel demand analysis was performed for each of three typical cities 
under policies now in place and forecast to continue, and under the alterna
tive strategies, i.e.. Group Travel Strategy and Individual Travel Strategy. 
Environmental impact analysis of the forecast travel demand under each 
strategy was city-specific and included estimation of air and water pollutant 
burdens along with their associated impacts on human health. Traffic safety 
impacts were also estimated. Socioeconomic impacts due to vehicle use and 
vehicle production were assessed. Impacts on physical environment, resources, 
health, and safety caused by vehicle and fuels production and infrastructure 
construction were also addressed. The final step was the overall comparison 
of policy-driven results to the results obtained under the In-Place Policy 
set. 

Two economic and social-organization scenarios also were defined for 
this project; they differed in GNP growth rate, social organization, retail 
fuel price, total metropolitan population, average household income, environ
mental regulations, and types of fuel available for transportation. The two 
scenarios can be briefly distinguished as Scenario I, a wealthy economy with 
high technological success, and Scenario III, a relatively poor economy with 
low technological success. National urban and city-specific forecasts of 
population and employment characteristics were prepared under each scenario. 



The c i t i e s were se l ec t ed using a f a c t o r - a n a l y s i s technique t h a t 
identified extreme c i t i e s along three dimensions relevant to t ranspor ta t ion 
energy use. One dimension, called Megatown, identif ies large c i t i e s with good 
t rans i t systems. The second dimension, Sprawlburg, typif ies newer, fas t -
growing, sprawl c i t i e s . The Slowtown dimension ident i f ies midwestern indus
t r i a l c i t i e s that are smaller in population than the other two. All metro
politan areas in the nation were related to these three dimensions; an ex
pansion method was then developed to allow national urban forecasts to be made 
based on the d e t a i l e d f o r e c a s t s of the th ree t yp i ca l c i t i e s s e l e c t e d to 
represent each dimension. 

Automobile and t r a n s i t veh i c l e c h a r a c t e r i s t i c s were p ro jec ted in 
detai l under several sets of policy and scenario conditions. Three different 
sets of vehicles were used in the analysis : Set C, the expected technologies, 
was used for the In-Place Policy and Group Travel Policy in both scenarios; 
Set A, designed as the best technology for both conservation and performance, 
was tested for the Individual Travel Policy in one scenario; the thi rd se t , a 
modification of Set C, was tested in the other scenario under the Individual 
Travel Policy. Vehicles were characterized by size c l a s s , engine type, fuel 
economy, emissions prof i le , purchase pr ice , operating cos ts , materials compo
s i t ion , and (for personal vehicles) performance. 

The ci ty-specif ic forecasts were organized for input to the Urban 
Transportation Policy Analysis Package. I t incorporated s ta te -o f - the -a r t , 
household-based, disaggregate travel demand models for mode and destination 
choice with detailed specification of individual household auto ownership by 
automobile technology. Household charac te r i s t i cs from the base year in each 
c i t y ' s travel survey were the basis of the approach to forecasting travel 
demand. Household records modified for each scenario, combined with the 
transportation level-of-service forecasts , which varied by policy, for the 
horizon years 1990 and 2000 drove the travel demand model. Transportation 
l e v e l - o f - s e r v i c e parameters included d e t a i l e d s p e c i f i c a t i o n s of t r a n s i t 
service and automobile cha rac te r i s t i c s . Both work and nonwork travel are 
separately forecast and reported for households in three income classes and 
for three locations within the urban area (center c i t y , suburban, and ex-
urban). Vehicle t ravel is also reported by area of occurrence for the air 
emissions and t ra f f ic safety analysis . 

Results for the en t i re TAPCUT project wil l be presented in a final 
report . The technical memorandum that follows is one in a ser ies of TAPCUT 
working papers that was selected for publication as a separate document to 
supplement the final report . The topic covered here is considered to be of 
in teres t to cer ta in researchers/users who would not need to explore the full 
scope of TAPCUT. Conversely, the deta i l of presentation herein i s inappro
priate for the projec t ' s final report . 

The two productive conservation s t ra teg ies or pol icies are described 
in th is report in terms of levers , i . e . , specific variables to be changed in 
the modeling s tudies . These levers were grouped into five categories: (1) 
land use controls , (2) fuels/vehicles research and development, (3) economic/ 
regulatory disincentives for auto t r ave l , (4) group travel incentives, and (5) 
auto travel behavioral change. Each category includes several levers . For 
example, increased fuel taxes and increased parking taxes are included in 
economic regulatory disincentives for auto t r ave l , whereas reduced t r ans i t 



fares and increased transit service frequency are used as group travel incen
tive levers. Values are specified for each lever. For the In-Place Policy, 
1980 values are simply projected to 1990 and 2000, whereas for the Group 
Travel and Individual Travel, the rationale is given for the values specified. 

The policies are first described in this report as they were specified 
at the March 1981 Meeting of the TAPCUT Project Review Panel and then as they 
were actually tested in the model packages. Differences from the original 
specifications occurred when no methods could be found to model certain 
proposed policy actions and likely responses to them, or when two or more 
policy actions were reflected in changes to the same policy lever. 





DESCRIPTION OF ALTERNATIVE POLICIES FOR THE PRODUCTIVE 
CONSERVATION OF ENERGY IN URBAN TRANSPORTATION 

by 
Sarah J. LaBelle, Darwin G. Stuart, and Larry R. Johnson 

1 INTRODUCTION 

This report describes two energy conservation strategies (or policies) 
that were developed in order to estimate the environmental impacts of changes 
in energy use for urban transportation by the year 2000. The In-Place Policy, 
which assumes an extension of all programs and plans in place in 1980 that 
affect urban transportation, is also described; this policy is used to provide 
reference information against which to compare the two alternative conserva
tion strategies — the Group Travel Policy and the Individual Travel Policy. 
The strategies were first developed at a Technology Assessment of Productive 
Conservation in Urban Transportation (TAPCUT) Project Review Panel meeting in 
March, 1981. After the alternative strategies were approved by the panel, 
their impacts were forecast in modeling studies using a travel demand model, 
a household auto ownership model, and household location forecasts for the 
TAPCUT project, as described in the Foreword. These strategies (or policies) 
represent two different approaches to saving energy in urban transportation. 
The Group Travel Policy emphasizes behavioral changes (increased use of mass 
transit and carpooling) with minimal emphasis on changes to vehicles. In 
contrast, the Individual Travel Policy focuses on improvements in automobile 
technology as the primary means to conserve transportation energy but maintain 
mobility. 

Two scenarios, I and III, that describe different economic/social 
futures were used to define the characteristics of the policies. These 
scenarios, as mentioned in the Foreword, are distinguished from each other by 
a variety of factors, among which are (1) the tate of GNP growth, (2) the rate 
of fuel price increases, (3) the degree of success in the development of 
technology, and (4) the level of social organization. In all cases. Scenario 
I assumes greater growth and more highly developed technology than does 
Scenario III. A higher percentage of the national population is assumed to 
live in metropolitan areas in Scenario I than in Scenario III. (Another 
scenario, II, was initially included, but later dropped from the analyses.) 

Five categories of individual conservation actions were used to define 
each policy; these categories and actions are listed in Table 1, with the 
specific policy lever used in the models enclosed in parentheses beside each 
listing. The amount of change in the policy lever for each of these actions 
is presented as a percentage of the value that would be specified for the 
In-Place Policy. The five categories of actions — (1) land use controls, 
(2) fuels/vehicles research and development, (3) economic/regulatory disincen
tives for auto travel, (4) group travel incentives, and (5) automobile travel 
behavioral changes ~ form the outline for this report. Chapters 2-6 describe 
the individual actions for the strategies and scenarios as they were tested 
under each of the three policies: In-Place, Group Travel, and Individual 
Travel. Modifications of the actions that occurred as the analyses progressed 



are also noted in the chapters. Thp „=i 
other chapters, are reported as national „K ' " '^^^^^ ^- °̂<̂  throughout the 
When the policy levers were applied at M. " changes in the policy levers 
change was derived as a weighted average of t h J ' ^ ' v "\'' ' ' " ^ ' ' '* ' ' ""VTll 
each typical c i t y . The expansion method ' ^ ^ " ^ ^^ ' ' ^ "' '^"^^' tested on 
the weigh t ing . The t y p i c a l c i t i e s w e „ 1'°"^ " ' "^ Foreword provided 
in transportat ion and energy-related c h a r L r ' ' ' ' " ^''''' d i f f e r e n c e s 
policy was tested in the l i f fe ren t c i t i e s . h ' ' ' " " T*>-^ f °" ' T" "f** 
the policy levers were not always used. ^̂ ""̂  numerical values for 

Chapter 7 summarizes the modifications f^ n, , • • j j • ..•. 
TAPCUT analyses and tabulates the r e s u S ch° P° l^"«« made during the 
t i ons . "resulting changes in conservation projec-



Table 1 Energy Conservation Policies as Drafted at the March 1981 
Meeting of TAPCUT Project Review Panel 

X of In-Place Policy Value 

Under Group Under Ind iv idua l 
Travel Policy Travel Pol icy 

Scenario Scenario Scenario Scenario 
Individual Conservation Actions (Pol icy Levers) I I I I i I I I 

Land Use Controls 

Live close to work (work t r i p length) -15 -15 

Increase h igh -dens i ty zoning (number of households re loca ted 
near/away from cen t e r s ) 50^ 50 

Provide decen t r a l i zed work and shopping loca t ions (employ- No change 50 
ment growth re loca ted near/away from populat ion cen te r s ) 

Promote CBD'' growth (CBD percentage of t o t a l employment) 25 No change 

Fuels/Vehicles R&D 

Use telecommunications s u b s t i t u t i o n (work and non- -15 -25 -15 

work t r i p generation)*^ 

Increase R&D on veh ic le weight (average new car weight) -30 -20 

Increase eng ines / fue l s R&D (new car mpg) 15 30 10 

Increase use of a lcohol fuel blends 
Increase Otto cycle R&D 
Increase d i e s e l veh ic le and fuel R&D 
Increase e l e c t r i c veh i c l e R&D 
Increase advanced heat engines R&D 

Economic/Regulatory Dis incen t ives for Auto Travel 

Increase gas and parking taxes ( inc rease in auto out-of-pocket 
t rave l co s t s ) 

- Increase CBD d a i l y parking cos t 

- Increase gas tax (ne t ef fec t on fuel p r i c e ) 

- Tax e x i s t i n g parking supply ( i nc rease in parking cos t ) 

Increased vehic le maintenance ( increase in average mpg) 

Increase post-1985 CAFE^; Impose gas guzzler tax 
( f l e e t average new car mpg) 

Provide veh ic le t a x / r e b a t e ( f l e e t average new car mpg) 

Group Travel Incen t ives 

Provide carpool/vanpool promotion and incen t ives (number of 
carpools a v a i l a b l e ) 

Improve express bus se rv ice ( t r a v e l t imes) 

Improve conventional bus se rv ice ( t r a v e l t imes) 

Improve r a i l t r a n s i t s e rv ice ( t r a v e l times) 

Reduce t r a n s i t fares 

Automobile Travel Behavior Change 

Trip l ink ing for work and nonwork (reduced t r i p genera t ion 
and t r i p length) 

Decrease auto ownership (number of autos/household for 
mul t i ca r households) 

200 

100'' 

100= 

No change 

No change 

10 

200 

SO"" 

50« 

U 

5 

5 

60 

40 

No change 

60 

No change 

35 

25 

No 

60 

20 

15 

change 

25 

35 

25 

^Real locate r e s i d e n t i a l growth wi th in express t r a n s i t c o r r i d o r s . 

^Central Business D i s t r i c t . 

*^Exact change percent subject to ref inement . 

^Increase in pump p r i ce per ga l lon ; to be converted to Increase in automobile out-of-pocket c o s t . 

«Where parking I s f r e e , add a base d a i l y cost of S2 (Scenario I ) or $1 (Scenario I I I ) . 

^Corporate Average Fuel Economy. 



2 LAND USE CONTROLS 

cons idered under each p o l i c y a r e d i scussed below. i n a i v i a u a i 

2 .1 IN-PLACE POLICY 

in t h . " f r l^^ I " - P 1 ^ " P ° l " y . - o " popu la t ion growth was presumed to occur 
(CBD) 1 o . f '̂  " " ' ° ' T"" ' ^ " ^ " ^ " ' ' ' • The c e n t r a l b u s i n e s s d i s t r i c t 
I the C R D ' T " r ^ " / h ^ " ! " ' ^ terms in a l l t h r e e c i t i e s . Under Scenar io 
I the CBD s pe rcen tage of t o t a l employment decreased s l i g h t l y ; under Scenario 
L r . " Ih < * " " ^ " ; ^ „ ^ ^ ^ g " ^ f ^ = ^ " t l y - In S c e n a r i o I , i n t h e r a p i d l y growing 
a b s o w r i e v . l f ° ^ ^ h - ^ °^ employment dropped as much a s ' 2 1 % ! but the 
t h r V R n - employment i n c r e a s e d . In Megatown. under bo th s c e n a r i o s , 
t he CBD s pe rcen tage of employment d e c r e a s e d , but the a b s o l u t e employment 
i nc r ea sed s l i g h t l y under Scenar io I . Slowtown l o s t CBD employees under both 
s c e n a r i o s . Absolu te urban p o p u l a t i o n s i nc r ea sed i n t he newer c i t y , Sprawl
b u r g , but decreased in the two o l d e r c i t i e s . 

In Scenar io I , r e l a t i v e t o Scenar io I I I , p o p u l a t i o n d e n s i t y and employ
ment were i nc r ea sed in a l l c i t i e s . Megatown had a h i g h e r r a t e of growth in 
Scenar io I ; Sprawlburg, however, grew more r a p i d l y i n Scenar io I I I . Al l th ree 
c i t i e s showed l e s s growth in the exurban r i n g in Scenar io I than in Scenario 
l i l - Growth in the exurban r i n g , however, d id occur under bo th scena r ios in III 
all three cities 

2.2 GROUP TRAVEL POLICY 

Under this policy, changes were modeled only in Scenario III In-
h ^ r f l̂"P'*̂ î̂  °" high-density zoning in all of the cities produced more 
high-density residential areas than were projected under the In-Place Policy. 
About 5.̂  of the growth in households in 1990 (10% in 2000) in each proto-
closer to'th. "^' relocated in this manner. Employment growth was shifted 
closer to the population centers in each city ~ with a >28% shift occurring 
shifts Even I T \ ^ ' ^ -Pl°y-ent shifts paralleled general employment 
cn n^ ; . ^"^ '''"^ ^^^^^^ ^" residential and employment growth ac-
c Z ^ f ' reasonably large percentage of the employment^rowth'^e net 

:err:o::id:::]' "'^" ^"^-^-^^ ^^^^^^ °^ ^-^'°y-^^^ -<^ --^er^s of household! 

thi, no?-^ '̂ fv. " " 7 ^ " ^ ^ l " g " «hare of regional employment growth under 

less CBD emp oyment under this policy than under the In-Place Policy d^n 
the share only two percentage points from 1980 to 2000. The changes in ?f'"^ 
to«i were smaller; the CBD's share dropped by 36% instead of by 45^ f^"'^ 
meant a 15% increase in employees over the projections under the 'in-^^^^ 



The average work trip length was decreased by 14%. (The iterative 
proportional fitting process^ developed for the TAPCUT project was used in 
this determination.) This decreased trip length represents the results of 
actions tending to have people commute shorter distances. Policies that would 
induce the shorter work trips are not described in any detail because it is 
their effect that is most easily measured. It is not clear from the litera
ture exactly which actions will have this effect. Candidate actions are (1) 
removing income tax credits for automobile use, (2) increasing transportation 
costs relative to other household expenses, (3) changing housing costs by 
providing tax credits for living close to work, and (4) moving employer 
locations closer to concentrations of workers. 

2.3 INDIVIDUAL TRAVEL POLICY 

For this policy, again changes were modeled only in Scenario III, with 
residential growth and employment locations the focus of change. These 
changes occurred in the opposite direction from those shown under the Group 
Travel Policy. About 5% of the growth in households was relocated away from 
established population centers. In both 1990 and 2000, about 17% of new 
employment was relocated to less dense areas. The CBD share of regional 
employment dropped even faster under this policy than under the In-Place 
Policy. By 2000, employment in the CBD ranged from 4% to 12% of the total 
employment in the three typical cities. Fast-growing Sprawlburg, however, 
still showed growth in the absolute number of CBD employees. 

No changes were made in work trip length, as that action was considered 
to be inconsistent with the Individual Travel Policy. 



3 FUELS/VEHICLES RESEARCH AND DEVELOPMENT 

w i l l n r o v L r m o r r f'^'^^'f h e r e dea l p r i m a r i l y wi th changes to v e h i c l e s t h a t 
w i l l p rov ide m o r e - e f f i c i e n t use of t r a n s p o r t a t i o n energy . 

3 .1 IN-PLACE POLICY 

A r e f e r e n c e s e t of v e h i c l e s was designed for use in both s c e n a r i o s ; 2 
t he fue l economies of t he se v e h i c l e s a r e shown i n Table 2 . There was some 
v a r i a t i o n in the f l e e t s ( ho ld ings of a l l c a r s by households ) between scen-
n a r i o s , e n t i r e l y because of d i f f e r e n t household c h a r a c t e r i s t i c s in each that 
lead t o p r e f e r e n c e s for d i f f e r e n t c a r s . New car purchases v a r i e d by scenar io 
because of the d i f f e r e n t household c h a r a c t e r i s t i c s and because of the dif
f e r e n t c o s t of money assumed i n each s c e n a r i o (8% i n S c e n a r i o I ; 12% in 
S c e n a r i o I I I ) . 

V e h i c l e weight r e d u c t i o n (from 1980 we igh t s ) i s assumed for each of 
t h r e e s i z e c l a s s e s . Reduct ions a r e approx imate ly 16% for small v e h i c l e s , 27% 
for medium-size v e h i c l e s , and 21% for l a rge veh i c l e les. 

No explicit assumptions were made about the use of telecommunica
tion or Its substitutability for urban transportation in the In-Place Policy 
Thus, whatever relationship exists now is assumed in the forecasts. 

3.2 GROUP TRAVEL POLICY 

Only relatively minor actions were taken in this policy for both 
scenarios. No changes because of altered use of telecommunications were 
modeled. No models were found to estimate travel responses to increased 

Table 2 Automobile Fuel Economy under 
the In-Place Policy 

Type of 
Vehicle used 

in Model 

New Cars 

Holdings 

Scenario 

I 
III 

I 
III 

Fuel 

1980 

23.1 
23.1 

16.1 
16.1 

Economy (mpg) 

1990 2000 

27.5 
27.6 

23.0 
23.1 

32.0 
33.0 

29.5 
29.4 

Change from 
1980 to 2000 

(%) 

38.5 
42.9 

83.3 
82.6 

^Computed using Environment Protection Agency's CAFE 
method, with 55%/45% rural/urban split for driving. 



availability and use of telecommunications. Development of a suitable theory 
requires better data than are currently available. (At present, arguments for 
increases in travel due to increased telecommunications are just as convincing 
as arguments for decreases in travel. Historically, the introduction of the 
telephone has not provided a solution for urban traffic jams. In fact, travel 
per capita increased during the period of increasing telephone use.) 

Automobile fleets were modestly changed in both scenarios. The medium-
sized vehicle with an Otto (spark ignition) engine was replaced by a car with 
a more-competitive design, and the net effect on fleet fuel economies is 
displayed in Table 3. Research to decrease vehicle weight was not stressed in 
this policy; in fact, under both scenarios, medium-sized cars were 3-4% 
heavier by 2000, and the weights for other size cars were unchanged. Further 
analysis of the Group Travel Policy led to the conclusion that significant 
weight reductions and fuel economy increases were inappropriate to the basic 
approach of the policy. 

3.3 INDIVIDUAL TRAVEL POLICY 

Relatively large changes in vehicles were introduced in Scenario I, 
which assumed the most efficient fleet with good performance (measured by 
acceleration) possible by 2000. More-modest improvements were included in 
Scenario III assumptions. Table 4 displays the national urban fuel economy 
projected under this policy. 

In Scenario I, by 2000, the Li/S battery electric cars were added 
and Pb/acid battery cars dropped. The Stirling (external combustion) engine 
was introduced in 2000. No new technology was introduced in Scenario III; 
improvements merely occurred in the same types of vehicles as existed under 
the In-Place Policy, reflecting the lower level of technology success char
acteristic of Scenario III. The weight reductions achieved in vehicles under 
each scenario are shown in Table 5. * 

Table 3 Automobile Fuel Economy under 
the Group Travel Policy 

Type of 

Vehicle used 
in Model 

New Car 

Holdings 

Scenario 

I 
III 

I 
III 

Fuel Economy 
(mpg) 

1990 

28.1 
28.1 

25.3 
23.9 

2000 

32.9 
32.4 

30.2 
30.2 

Change from 
1980 to 2000 

(%) 

42.4 
40.3 

87.6 
87.6 

Chi 
In-

ange from 
-Place in 
2000 

(%) 

2.8 
-1.8 

2.4 
2.7 



Table 4 Automobile Fuel Economy under 
the I n d i v i d u a l Travel Po l i cy 

Xvoe of ^"^1 Economy Change from 
,, . . 1 , (mpg) Change from I n - P l a c e in 
Vehic le used ^M igg^ ^^ ÔOO 2000 

m Model Scenar io 1990 2000 (%) (%) 

New Cars I 35.3 39.5 71.o 23 4 
I I I 27.2 34.2 48 .1 3!6 

Holdings I 26.9 36.2 124.8 22.7 
I I I 23.4 31.3 94.4 6.5 

Table 5 New Vehic le Weights under the 
I n d i v i d u a l Travel P o l i c y 

Vehic le Weight Change from 
(11.) Change from I n - P l a c e in 

Vehicle :: 1980 to 2000 2000 
Size Scenar io 1990 2000 (%) (%) 

Small I 1923 1669 -29 .0 5.0 
Medium 2511 2210 -29 .0 3.4 
Large 3011 2558 - 3 1 . 1 -22^9 

Small I I I 1968 1828 - 2 2 . 2 - 7 . 1 
Medium 2594 2405 -22 .9 +5^2 
Large 3080 2766 -25 .5 - s i s 

onon "^^ ^ ^ ^ " °^ ' ^ ^ market p ro j ec t ed for t he medium-sized v e h i c l e by 
2000 dropped d r a m a t i c a l l y . P r i o r pu rchase r s of medium-sized v e h i c l e s appar
e n t l y found them too heavy for the energy and performance b e n e f i t s r e l a t i v e to 
o t h e r v e h i c l e s on t h e m a r k e t , and no new consumers found them d e s i r a b l e 
e i t h e r The medium-sized v e h i c l e was o r i g i n a l l y designed for those who could 
not afford the luxur ious l a rge c a r s , but needed more space than found in 
small c a r s . This market appa ren t l y opted for small c a r s i n s t e a d . For Sce
n a r i o I , the ne t change in new car weights was a 10% r e d u c t i o n , i nc lud ing 
the e f f ec t of new car s a l e s d i s t r i b u t i o n . For Scenar io I I I , t he ne t change 
was a 3% r e d u c t i o n . 

T T,, ^" c o n t r a s t to the 30% i n c r e a s e in fuel economy with r e s p e c t t o the 
In -P lace Po l icy for Scenario I (10% for Scenar io I I I ) proposed in Table 1 
the Ind iv idua l Travel Po l i cy a c t u a l l y t e s t e d a 23% i n c r e a s e for Scenar io I 
and a 7% i n c r e a s e for Scenar io I I I by 2000. The weight changes t e s t e d ( i n 
c o n t r a s t to In -P l ace Po l i cy ) were 10% and 3%, a g a i n s t the 30% and 20% sug
gested in Table 1. One reason for t h i s d i f f e r e n c e from the o r i g i n a l p roposa l 
IS t h a t fuel economy improvements e v e n t u a l l y r e q u i r e very s i g n i f i c a n t d e 
c r ea se s in v e h i c l e performance. Vehic les c h a r a c t e r i z e d for the TAPCUT p r o j e c t 



maintain reasonable performance (power/weight), particularly in Scenario I. 
This requirement puts an initial constraint on their design. In addition, 
many fuel economy improvements occur through changes in engine design, which 
have little or no effect on weight or performance. Further, the choices made 
by households among vehicles types are biased toward vehicles that perform 
well and carry some minimum number of passengers. The two-passenger auto
mobile (the mini) characterized in all forecasts was not a favorite choice 
because of its limited passenger capacity and the inertia built into the 
household auto ownership model against that choice. Choice of the mini car 
would have greatly increased fuel economy. In Scenario I, as mentioned above, 
vehicle type preferences had a damping effect on weight reduction. In Sce
nario III, market preferences resulted in an increase in average fleet car 
weight, in spite of reductions in the weight of each car type as compared with 
the weights modeled for the In-Place Policy. 

These fuel economy values, given in Tables 2-4, are actual values for 
the vehicles held or purchased in that year, rather than benchmark values 
reflecting supplier offerings to households. The benchmark values are ex
plained and presented in Ref. 2. Further, the values presented here for new 
cars are comparable to corporate-average-fuel-economy values, as the rural 
fuel economy is included. Fuel economy specific to the driving in the 
nation's urban areas is estimated in Ref. 3. 
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4 ECONOMIC/REGULATORY DISINCENTIVES FOR AUTO TRAVEL 

The primary effect of the actions modeled in this section is to de
crease vehicle use, thereby conserving transportation energy. 

4.1 IN-PLACE POLICY 

Parking costs and fuel taxes were used as the primary disincentives 
under the In-Place Policy. As the modeling studies are conducted using 
constant dollars, increases in regulations to keep parking costs and fuel 
taxes in their current proportions with respect to income are assumed. This 
assumption is in line with all recent writings on the minimum expected change 
in fuel taxes, both state and national. The projected fuel taxes are shown in 
Table 6 in both 1975 dollars and as a percentage of the fuel price. No new 
parking taxes were assumed for this policy (i.e., charges were assumed only 
for the CBD). 

4.2 GROUP TRAVEL POLICY 

Substantial changes in parking and fuel taxes were postulated for this 
policy. The other three actions listed in Table 1 are presumed to be pri
marily implementation tools needed to keep manufacturers producing vehicles 
to meet the sales-weighted fuel economy standards and are presumed to cause 
no further changes in new vehicle fuel economy, beyond those described in the 
preceding section. 

The change in fuel tax is shown as a percentage of the retail fuel 
price in Fig. 1 and in 1975 dollars in Fig. 2. Table 7 presents the retail 
price for fuel (in 1975 dollars) projected under both this policy and the 
In-Place Policy, summing the tax and the dealer's price. 

Diesel fuel prices were slightly lower than gasoline prices, but always 
changed in concert with the gasoline prices. 

Parking charges were significantly restructured. Existing CBD charges 
were tripled in both scenarios. In Scenario I, remaining existing fees were 
doubled (e.g., fees for satellite city business districts) and a base daily 
charge of $2.00 (1975 dollars) was introduced for all other parking. In 

Table 6 Fuel Taxes under the In-Place Policy 

Tax Scenario 1975 1980 1990 2000 

1975 $/gal I 0.14 0.14 0.14 0.14 
% of Fuel Price . 33.8 20.7 9.3 7.4 

1975 $/gal III 0.14 0.14 0.14 0.14 
% of Fuel Price 33.8 20.7 8.0 5.5 
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Table 7 Retail Fuel Prices under the In-Place 
and Group Travel Policies 

Policy 

In-Place 

Group Travel 

Scenario 

I 
III 

I 
III 

1975 

0.553 
0.553 

0.553 
0.553 

Fuel 
(1975 

1980 

0.817 
0.817 

0.817 
0.817 

Price 
$/gal) 

1990 

1.50 
1.75 

2.25 
2.62 

2000 

1.89 
2.55 

3.78 
3.82 

% Change 
over 

In-Place 
Policy in 2000 

100.0 
49.8 

Scenario III, other existing charges were increased by half, and a base daily 
charge of $1.00 (in 1975 dollars) was introduced for all other parking. The 
cost of and methods for implementing these new charges have not been examined 
in any detail. These, however, are significant changes from current practice; 
for example, suburban shopping centers might use controlled entry or levy a 
charge for parking at time of purchase. 

4.3 INDIVIDUAL TRAVEL POLICY 

No actions were proposed under this policy. 
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5 GROUP TRAVEL INCENTIVES 

The actions described here were all designed to promote group travel, 
conserving travel energy by decreasing the number of vehicle trips, without 
changing the number of trips by persons. These actions were specified by 
travel districts, which are defined as aggregations of traffic zones. The 
rings in each city (CBD, center city ring, suburban ring, and exurban ring) 
are composed of districts. 

5.1 IN-PLACE POLICY 

Actions related to group travel were defined under the In-Place Policy 
in a literal sense; the current five- and twenty-year plans for each proto
type city were used to provide the information on bus and rail travel times, 
walk times, bus fleet size, and extent of bus service. (If new highway links 
were planned by the city, that information was also included in the projec
tions.) Where plans were vague on completion dates, judgments were made as to 
whether 1990 or 2000 was the more realistic date to expect implementation. 
Because of the differences in planning methods used in each city, service 
improvements were based on fleet changes or fleet changes were deduced from 
proposed service improvements. 

The three typical cities varied in their plans. Megatown was ambitious 
in rail extensions but modest in bus service changes. Sprawlburg proposed a 
big increase in bus fleet size and off-peak service coverage but, consistent 
with 1975-80 accomplishments, the city and its surrounding region are still 
projected to be below average on service per capita by 2000. Slowtown 
proposed no changes after 1980. The rail network for Megatown and express bus 
routes for Sprawlburg are shown in Figs. 3 and 4, which clearly show the 
differences in the level of transit service for these two typical cities. 
(Although bus routes exist in Megatown, they ^ e too dense to show here. No 
rail network is proposed for Sprawlburg.) 

In Megatown, fares were assumed to return to 1975 levels (in constant 
dollars) by 1990 for the most part, by 2000 totally. Fares in Sprawlburg 
returned to 1975 levels in 1990; Slowtown fares remained at 1975 levels 
throughout. In all three cities, 1980 fares were substantially below 1975 and 
even 1970 fares, in constant dollars. In the most complex transit system 
(Megatown) some fares changed more than others because of the complex fare 
structure. The changes in the fares for the major bus system in each city are 
shown in Fig. 5. The average fare paid is displayed in Table 8 with the 
posted fares for each city under each scenario. 

No changes were made to the base year values for carpool times and 
costs, so they were assumed to remain the same relative to times and costs for 
single-occupant autos throughout the forecast period in both scenarios. 

These level-of-service parameters did not change by scenario under the 
In-Place Policy. Although some of the group travel incentives could be argued 
to be scenario-specific, they were interpreted to be policy variables in 
TAPCUT. Under the In-Place Policy, the cities' plans were tested against the 
different futures described by the scenarios. However, some scenario 
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^ CENTRAL BUSINESS DISTRICT 
CD CENTER CITY RING 
Ea SUBURBAN RING 
c n EXURBAN RING 

DISTRICT BOUNDARY 
1980 
1990 
2000 

Fig. 3 Staging of Express Bus Routes in Sprawlburg under the In-Place 
Policy (the numbers in the figure refer to the individual 
travel districts) 

variation was allowed in the alternative policies designed for TAPCUT, as 
sensitivity to scenario conditions is appropriate. 

5.2 GROUP TRAVEL POLICY 

All actions to promote group travel were included under the Group 
Travel Policy. In Scenario I, carpool incentives, additional express buses, 
improvements in conventional bus times and increases in rail transit (light 
and heavy) were all tested as proposed in Table 1. For Scenario III, all the 
same types of changes were made, except that rail changes were limited to 
large cities, conventional bus travel times were unchanged, and fares were 
reduced to 75% of the In-Place value. 

There were substantial increases in transit service beyond current 
plans, especially in Scenario I. By typical city, the changes are summarized 
as follows. (It should be noted that these cities are viewed as typical for 
the TAPCUT project, although some effort was made to be consistent with the 
specific city's development and history.) 
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^ CENTRAL BUSINESS DISTRICT 
CU CENTER CITY RING 
C3 SUBURBAN RING 
1=1 EXURBAN RING 

DISTRICT BOUNDARY 
1980 
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DELETED IN 1990 
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r 

Fig. 4 Staging of Rail Construction in Megatown Under the In-Place 
Policy (the numbers in the figure refer to the individual 
travel districts) 



o 
CL 

16 

0.70 —1 

0.60 

o 0.20 —\ 

0.10 — 

Sprawlburg 

Megatown 

Slowtown 

Without transfer, for main bus system 

\ T 
1970 1980 1990 2000 

Fig. 5 Posted Transit Fares in the TAPCUT 
Cities under In-Place Policy 

Table 8 Transit Fares in the TAPCUT Typical Cities under 
the In-Place Policy (1975 dollars) 

Year 

1970 

1975 

1980 

Scenario 
1990 
2000 

Scenario 
1990 
2000 

I 

III 

Sprawlburg 

Posted 
Farea 

NA 

0.50 

0.33 

0.50 
0.50 

0.50 
0.50 

Average 
Paid for 

Work Triph 

NA 

0.484 

0.38 

0.504 
0.504 

0.503 
0.502 

Posted 
Fare 

0.62 

0.50 

0.39 

0.62 
0.62 

0.62 
0.62 

Megatown 

Average 
Paid for 

Work Trip 

NA 

0.945 

0.543 

1.06 
1.07 

1.04 
1.04 

Slowtown 

Posted 
Fare 

0.35 

0.35 

0.33 

0.33 
0.33 

0.33 
0.33 

Average 
Paid for 

Work Trip 

NA 

0.41 

0.393 

0.394 
0.394 

0.395 
0.396 

awithout transfer, for main bus system. 

For all work travel, one-way cost including transfers, rail systems, from 
travel demand model results, i.e., weighted by trips taken rather than by 
service offered. 

NA not available. 
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The Scenario I Group Travel r a i l and express bus t r ans i t networks for 
each c i ty in 2000 are shown in Figs. 6-8, contrasted with the networks pro
posed under the In-Place Policy. Sprawlburg (Fig. 6) was postulated to add 
five l ight r a i l corridors by 1990, and three more by 2000. For Scenario I I I , 
four of those five r a i l corridors were developed as express bus corr idors . 

As Megatown (Fig. 7) is already characterized by good t r ans i t service, 
i t s additions are more modest. For Scenario I , a crosstown rapid r a i l l ine is 
added in 1990, and a new commuter r a i l l i n e i s added in 2000. The pro
posed urban/suburban bus service improvements for 2000 under the In-Place 
Policy are instal led by 1990. In Scenario I I I , only one of the crosstown r a i l 
l ines is added — in 2000 instead of 1990. 

The smaller industr ia l c i ty , Slowtown (Fig. 8 ) , in Scenario I adds a 
bus-on-freeway (exclusive bus lane) in two travel corridors (groups of travel 
d i s t r i c t s ) and one busway (separate roadway or right-of-way for buses) beside 
a major freeway. For Scenario I I I , only the bus-on-freeway is implemented. 
The bus network projected under the In-Place Policy includes several routes 
beside the ring route shown, which were omitted from the drawing for c l a r i ty . 

^ CENTRAL BUSINESS DISTRICT 
CD CENTER CITY RING 
EM SUBURBAN RING 
CD EXURBAN RING 

DISTRICT BOUNDARY 
IN-PLACE EXPRESS BUS 
GROUP TRAVEL LIGHT RAIL 

i " " r«» ! 
.J 

Fig. 6 Light Rail Network under Group Travel Policy vs. 
Express Bus Network under the In-Place Policy in 
2000 for Sprawlburg (the numbers in the figure 
refer to the individual travel districts) 
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Fig. 7 Rail Network under the Group Travel Policy vs . 
the Rail Network under the In-Place Policy in 
2000 for Megatown (the numbers in the figure 
refer to the individual travel d i s t r i c t s ) 
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For all three cities, the improvements in the overall bus wait time 
occur in Scenario I only. These improvements were defined in travel cor-
redors, composed of districts. 

Carpooling incentives were also included in this policy. Carpool 
parking costs at either the home or work end of the trip were reduced 50%. 
Walk times at the destination end (work) were also reduced 50%, reflecting 
priority parking arrangements for carpools. In general, parking costs 
occurred only in central business districts; walk time penalties are assessed 
for all work places, however. 

5.3 INDIVIDUAL TRAVEL POLICY 

No group travel incentives were provided in either scenario under the 
Individual Travel Policy, as this policy is neither supportive nor destructive 
toward group travel. Carpool costs were not directly changed; their cost 
relative to the cost for driving alone is the same as under the In-Place 
Policy. Carpooling costs are lower, however, under this policy than the costs 
under the Group Travel Policy because of fuel economy gains. 
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6 AUTO TRAVEL BEHAVIORAL CHANGE 

The actions proposed for this category are designed to save trans
portation energy by decreasing automobile use. 

6.1 IN-PLACE POLICY 

Under the In-Place Policy, auto ownership is projected to change only 
as households are forecast to increase their income or make other changes in 
one or more demographic characteristics. (This process is part of the auto
mobile stock holdings model.) Some changes are shown over time in average 
cars/households, but these changes depend only on the movement of households 
to new classes. There was no way to set a taxing policy that would influence 
only multicar households in the automobile stock holdings model with the 
categorical approach used by the TAPCUT project. That action (decrease auto 
ownership) in Table 1, therefore, was not tested. 

Trip-linking is not directly considered in the In-Place Policy. Linked 
trips are not reported in a household travel record because they are not home 
based. Theoretical work is required to develop a method to forecast this 
important category of travel. Based on current data, linked trips are esti
mated to be equal to 21% of daily home-based travel. Decreases in home-based 
travel, however, could actually be balanced by increases in multistop trips. 
The daily household travel forecasts do not include any nonhome-based trips; 
annual vehicle-miles of travel estimated for use in the energy analysis of 
TAPCUT policies^ did include this additional 32% to better state the energy 
impacts of the policies. 

6.2 GROUP TRAVEL POLICY , 

No actions were modeled under this policy, as the methods available did 
not provide sufficient basis to do any more than make parametric changes for 
either action in Table 1. The trip-linking action remains of great interest 
as an area for future development. The reduced auto ownership action could 
only be tested under a different approach to auto stock modeling, such as a 
linear or logit equation with demographic independent variables, whose co
efficients could be altered. 

6.3 INDIVIDUAL TRAVEL POLICY 

No changes were proposed in Table 1. 
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SUMMARY 

The conservation policies tested in the TAPCUT project are summarized 
in Table 9. This table differs from Table 1 because it shows the policies as 
they were tested, with all the modifications made as the TAPCUT analysis 
progressed. In addition, the 1990 and 2000 changes from the In-Place Policy 
are shown, instead of only those for the year 2000. 

The costs of implementing the policies are not summarized here. 
Clearly cost is an important descriptor of the policies, one which will be 
estimated in the final report. Some general observations about cost may prove 
helpful, however, for understanding the policy packages as tested. The 
Group Travel Policy in both scenarios involves large-scale changes in transit 
level of service as measured by service frequency, linehaul time, and system 
coverage. The changes were achieved in different ways in each scenario; 
Scenario III used more-extensive motor bus service in mixed traffic and in 
exclusive lanes ~ a low-capital, high-operating-cost choice. 

The level of detail at which transit service changes were specified 
makes it difficult to summarize the changes in Table 9. The measures of the 
actions show that the travel time changes were of the same magnitude in each 
scenario. The extent of service was increased substantially over the 20-year 
period according to the In-Place Policy; the Group Travel Policy did not 
change extent of service, therefore, as much as it changed the quality of the 
service provided. The best measures of the transit supply under this policy 
in each scenario would be accessibility measures computed from the district 
time and cost "skim trees" (aggregate networks), a computation not completed 
for this study. 

The actions tested under the Individual Travel Policy also varied in 
cost. Road construction increased in both scenarios. In Scenario I, more 
multilane roads were built (or rebuilt in place), whereas more two-lane roads 
were built in Scenario III. Under the In-Place Policy, road building is 
forecast to decrease from the present. Under the Individual Travel Policy, 
1980 levels of construction activity are reached again in Scenario III in 
2000; in Scenario I, they are exceeded by 75% in 2000. The changes to automo
biles were also more costly in Scenario I than in Scenario III. Although the 
costs have not been computed, the Individual Travel Policy in Scenario I is 
probably the most expensive action when all costs are totaled. 

Each policy in each scenario is briefly described below (each subsec
tion relates to one column in Table 9). Further detail on a particular 
policy can be found by referring to the appropriate text on the policy action 
in Sections 2-6. 

7.1 THE GROUP TRAVEL POLICY IN SCENARIO I 

This policy test reflected no changes in land use controls or fuels/ 
vehicles R&D compared to the In-Place Policy, but did include extensive 
changes in transit service, including significant improvements in light rail 
service and bus frequency, coupled with stringent automobile disincentives in 
the form of parking costs and fuel taxes. Busways were used in smaller 
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Table 9 TAPCUT Conservation Policies as Tested in Travel Models 

% of In-Place Policy Value 

Individual Conservacion 
Action (Measure) 

Forecast 
Year 

1990 
2000 

1990 
2000 

1990 
2000 

1990 
2000 

1990 
2000 

1990 
2000 

1990 
2000 

1990 
2000 

1990 
2000 

1990 
2000 

1990 
2000 

1990 
2000 

1990 
2000 

1990 
2000 

1990 
2000 

Under 
Travel 

Scenario 
I 

2.2 
2.8 

200 
200 

$2.00^ 
$2.00^ 

37.2 
97.2 

-50 
-50 

235 
215 

-40 

same 
100 

Group 
Policy 

Scenario 
III 

- 6 
-14 

near 4.9 
11.4 

near 25.8 
29.3 

to 

-33 to 
on busway 
bus lanes 

50 
100 

15 
15 

9.1 
18.0 

1.8 
-1.8 

200 
200 

$1.00^ 
$1.00* 

38.6 
42.0 

-50 
-50 

1 
33 

-60 

164 
111 

-45 
s and 

25 
25 

Under Individual 
Travel Policy 

Scenario Scenario 
I III 

away 4.9 
5.1 

away 16.9 
17.5 

-6.8 
-14.4 

-3.3 6.7 
-4.3 8.2 

28.4 -1.4 
23.4 3.6 

Land Use Controls 

Live close to work 
(work trip length) 

Increase High density zoning (growth 
in households relocated near/away from 
centers) 

Provide decentralized work/shop loca
tions (employment growth relocated 
near/away from centers) 

Further CBD growth (CBD share of 
employment) 

Fuels/Vehicles R&D 

Vehicle Weight R&D (average fleet car 
weight) 

Engine/Vehicle/Fuels R&D (new car mpg) 

Economic Disincentives for Autos 

Increase CBD parking cost (daily 
charge) 

Impose cost on free parking (1975 
dollars) 

Increase auto fuel tax (retail fuel 
price) 

Group Travel Incentives 

Carpool promotion (parking costs, 
walk time to work) 

New rail service (track miles built) 

New r a i l service (in-vehicle time) 

Express busways bu i l t (busway lane-

miles) 

Express bus service (in-vehicle time) 

Conventional bus service (routes with 

improved frequency) 

Conventional bus service (wait time) 

Reduce t rans i t fares 

Auto Travel Behavior 

Trip-linking 

^Actual dollar charge, not a percent value. 

parametric only; discuss impacts. 
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cities, whereas new light rail networks were built in medium-sized cities. 
The fuel taxes increased to 50% of the fuel price in 1990, and then 100% 
by 2000. Parking costs tripled in central business districts, and a base 
daily charge of $2.00 (1975 dollars) was imposed on parking that was free 
under the In-Place Policy. There were 50% reductions in carpool parking costs 
and in walk times to the work place for both forecast years. The fuel economy 
achieved by the new car purchases reflects fuel price impacts on automobile 
purchases and a minor vehicle design change in the medium Otto-engine vehicle. 

7.2 THE GROUP TRAVEL POLICY IN SCENARIO III 

Significant transit improvements with stiff increases in automobile 
costs marked this policy test. The transit improvements focused on increases 
in express bus service, extensive use of busways in medium- and small-sized 
cities, and reduction of fares to 75% of In-Place Policy levels. In addition, 
carpool parking costs and walk times were reduced by 50%. The fuel taxes 
reached 50% of the dealer's price in 1990 and stayed there through 2000. 
Parking taxes ($1.00 in 1975 dollars) were imposed throughout each metropoli
tan region, even in those suburban lots that were free under the In-Place 
Policy. Some land use controls were imposed, resulting in a net reduction in 
work trip length, increased residential density, and a damping of the trend 
under the In-Place Policy to decrease the CBD share of metropolitan employ
ment. There were essentially no changes in the automobile characteristics 
defined under the In-Place Policy for this scenario. 

7.3 THE INDIVIDUAL TRAVEL POLICY IN SCENARIO I 

In th is policy t e s t , significant increases in automobile fuel economy 
were postulated. All other variables were unchanged from the In-Place Policy. 
New cars were 23.4% more fuel eff icient than their In-Place Policy counter
p a r t s . The stock held by households was nea r ly 23% more e f f i c i e n t than 
the stock projected under the In-Place Policy, and 125% bet te r than that of 
1980. 

The fuel economy gains for newly purchased automobiles in th is policy 
are achieved without major weight changes. Engine design improvements in 1990 
allow both performance and fuel economy to improve without much change in 
vehicle weight. In 2000, the need for weight change is somewhat greater , 
whereas the fuel economy increase over the In-Place Policy vehicles i s not 
quite as great as for 1990. 

7.4 THE INDIVIDUAL TRAVEL POLICY IN SCENARIO III 

A modest improvement in auto fuel economy and an increase in decentral
ized development are the changes characterizing this policy t e s t . The prices 
of fue l , t r a n s i t , and parking are unchanged from those for the In -P lace 
Policy. Growth in employment and households tended to occur away from estab
lished centers . About 17% of growth in employment and 5% of growth in house
holds made these sh i f t s , as compared with growth shif ts made under In-Place 
Policy. Further, the share of employment in the CBD decreased more rapidly 
than under the In-Place Policy: i t was 14% less by 2000. 
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Automobile fuel economy dips below the In-Place Policy value in 1990 
because of a shift in consumer preference toward medium-sized and large cars. 
However, with the production of higher-performance cars, by 2000, the effect 
of the market shift has been overcome. Market preferences also result in an 
increased average new car weight in spite of 3-4% weight reductions for small 
and large cars compared to the weights projected under the In-Place Policy. 
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